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Abstract  

 
Coke production is still of great economic importance due to its 

crucial role in the steel production process. The reliability of the 
operation of coke oven batteries depends on the maintenance of 

good technical condition of their ceramic massif, which in turn 
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requires ensuring proper operation of the heating system and 

maintaining temperature stability in the heating flues. Regularly 
performed temperature measurements in heating flues due to the 

size of the battery and the dynamics of accompanying processes 

do not reflect the actual thermal state of the object at a given 

time. Corrections commonly introduced to the results of 
temperature measurements in heating flues, taking into account 

so-called reversion, significantly improve the accuracy of the 

obtained measurement results. However, still the interpretation 
of the results of temperature measurements in the coke oven 

battery heating flues does not take into account its changes 

during the coking cycle, even though they reach up to 60 K. The 
article discusses the usability of the introduction of a new, 

additional correction to the temperature measured in the heating 

flues enabling a more precise assessment of the current thermal 

state of the coke oven battery. The use of the method will allow 
for reduction of the fuel gas consumption and limitation of 

emissions resulting from its combustion and can be used as an 

effective tool for decision making. 
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Introduction  
 

The European Commission has maintained coking coal’s status 
as a Critical Raw Material in 2020 treated it as the raw materials 

with a high supply-risk and a high economic importance for 

European industry and value chains. Poland (Jastrzębska Spółka 

Węglowa) is the largest producer satisfying nearly 20% of the 
annual demand of the European steel industry. Increasing the 

efficiency of the coke production process by optimizing the 

thermal parameters can have positive impact both on economic 
and environmental performance as the coking process is one of 

the most important thermochemical coal processing technology. 

In general, the fundamentals of the process have not changed 
over a hundred years. It involves the diaphragm heating of 

coking coal in rectangular, ceramic chambers (furnaces) at 
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a temperature of ~1173–1273 K (in the center of coal charge) 

and in anaerobic conditions. The heating of the chambers is 
obtained from the exhaust gases generated in the combustion of 

coke oven gas formed during the devolatilization of the 

processed coal. In simplified terms, it can be said that a coke 

oven battery comprises of ceramic chambers arranged in series 
and separated by vertical heating flues. A general diagram of the 

cross-section of the coke oven battery is presented in Figure 1. 

 

 
 
Figure 1: Cross-section of the coke oven battery (1—heating flues, 2—coking 
chamber shaft and floor, 3—regenerators, 4—brickwork of coking chambers 
and heating walls, 5—vault and roof). 

 

Great developments in recent years have been done particularly 

aimed at minimising emissions from the cokemaking processes 
and at improving working conditions for coke oven batteries 

operators. But still the operation of heating/firing of the coke 

oven battery dominate the emissions from a coking plant. The 
smooth and undisturbed operation of the coke oven batteries is 

one of the most important process-integrated measures for 

emissions control and minimization. Automation of the coke 
production enables a coking plant to be operated at optimum 

efficiency. According to R. Remus et al. [1], one of the control 

1 2 3 4 5
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option of thermal state of coke oven battery is manual 

measurements of the temperature at the heating flues using an 
infrared pyrometer with an integral data memory. In all Polish 

coking plants, temperature measurements in the heating flues of 

coke oven batteries are performed in this way. It is a well-proven 

technical management tool for control of the thermal condition 
of a coke oven batteries in Poland and abroad. 

 

The operation of the coke oven battery requires constant 
monitoring of many operational parameters and appropriate 

response to occurring disruptions. One of the most important 

operating parameters of a coke oven battery is the temperature 
maintained in heating flues. Despite the search for various 

precise and continuous methods for controlling the coking 

process, its monitoring is based on the establishment of the 

thermal parameters selected individually for given coke oven 
furnaces [2]. Proper selection of the temperature of individual 

coke oven battery heating flues is crucial for the correct course 

of the pyrolysis process of the coal blend (with or without other 
additives, e.g., biomass, plastics, etc. [3]) used to produce coke, 

as well as the durability of its ceramic massif and the energy 

consumption of the production process. Preventing damages of 
the ceramic massif by maintaining the stable temperature allows 

for long-term, uninterrupted operation of the coke oven battery 

and ensures its reliable operation. Due to these facts, the 

operators of each coke oven battery perform mandatory, periodic 
temperature measurements in selected heating flues of each of 

its heating walls. For the PWR-63 coking battery (designed by 

Koksoprojekt, Zabrze, Poland), typically used in Polish coke 
oven plants, which consists of 78 heating walls and 30 heating 

flues on each of them, these measurements cover the monitoring 

of 156 heating flues for a single campaign (two heating flues on 

each wall). Based on the results, the amount of fuel gas supplied 
to the entire battery and its individual heating walls is adjusted. 

Temperature measurements at the bottom of the heating flues are 

performed using a digital pyrometer with internal memory. The 
results are transferred from the internal memory to the computer 

control system of the coke oven battery. Reliable interpretation 

of the results of temperature measurements, however, create 
major difficulties for battery operators, mainly due to the fact 
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that the battery is a dynamic object, characterized by high 

variability of local temperatures over time. Numerous 
measurements of the temperature in the heating flues have 

confirmed that regardless of the correct selection and 

maintenance of stable parameters of coke oven gas combustion 

(coke oven gas and air stream supply and the temperature of the 
flue gas) in all industrially operated coke oven batteries 

(regardless of the design), there is always a certain temperature 

variation, along with the height of the heating flue and in time 
[4]. First of all, this is due to the dynamics of flame spread and 

the heat transfer characteristics in the specific heating flue 

design. The intensity of diffusive gas combustion (which is the 
only one taking place in coke oven battery heating flues) 

depends mainly on the concentration of combustible components 

of fuel gas (coke oven gas) and oxygen at a specific point of the 

heating flue [5–7]. This, despite many upgrades in the design of 
heating flues, significantly improving its alignment along their 

height (changes in the spacing of air and gas inlets, different 

height of burners, use of recirculation, gradual air supply at 
different heights, etc.), is still different at each point. Computer 

simulations using computational fluid dynamics (CFD) of the 

gas combustion process inside the PWR-63 battery heating flue 
(with internal exhaust gas recirculation) have shown that 

difference of exhaust gas temperature along its height (even with 

uniformly distributed, unrealistic heat reception) can reach 

several dozen degrees, regardless of the adopted conditions for 
heating media supply (with the exception of the excess air 

coefficient, which slightly influences on this distribution) [8]. In 

addition, as noted by Huhn [9], due to the diversified density and 
humidity distribution of the coal blend in the chamber, the heat 

receiving conditions in different zones of the chamber (along the 

length and height of the coal charge) are different. These factors, 

even with mutual compensation and the significant impact of the 
accumulation of ceramic massif, cause a variation in temperature 

not only on the surface of the coking chamber, but also on the 

walls of heating flues. The measurements of the brickwork 
temperature in selected PWR-63 battery heating flues at several 

heights showed, in line with the expectations arising from the 

discussed facts, variation in temperatures reaching up to 100 K, 
both in the gas combustion phase and in the combustion cut-off 
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phase (Figure 2). Each of these phases typically takes 20 min. 

The brickwork of the coking chambers is made of silica with a 
thermal conductivity at its operating temperature (about 1373 K) 

of 1.8 W/(mK). 

 

 
 

Figure 2: The diagram of an exemplary temperature distribution along the 
height of the PWR-63 battery heating flues.     the 15th min of the combustion 
phase.     the 17th min of the combustion cut-off phase. 

 

The correct temperature measurement in coke oven battery 

heating flues and the appropriate interpretation of the obtained 
results require an unambiguous reference location where these 

measurements should be made. At domestic coking plants, this 

rule does not arise any controversy, and the place of measuring 

temperatures in heating flues is for all batteries either on the 
surface of the burner or on the surface of the brick separating the 

oblique channels (air inlet). It has to be pointed out, however, 

that the selected place of measurement of the temperature of the 
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heating flue wall does not represent either the highest 

temperature or the average value of the entire flue. 
 

There is also no controversy when interpreting the results of 

temperature measurements in heating flues, taking into account 

the correction for its periodic decrease between reversions 
(switching the direction of exhaust gas flow). As shown by tests 

carried out on the batteries of China Steel Corporation [4], 

during the combustion cut-off in a given heating flue, at each of 
its points there is almost an exponential decrease in temperature 

over time (Figure 3). This decrease for each battery and specific 

measurement location is easily determined by measuring the 
temperature in several selected heating flues of a given battery at 

one-minute intervals and averaging the obtained results. 

 

 
 

Figure 3: The exemplary temperature changes in the heating flues during the 
reverse cycle observed for PWR-63 battery. 

 

Since the temperature measurements in the heating flues are 

made over the length of the battery at different time from the 
moment the gas combustion is turned off, in order to assess the 

actual temperature in a given time, all results are reduced to the 

moment of the burners turn off, applying the suitable corrections 
discussed in previous paragraph. 

 

The current interpretation of the results of temperature 
measurements in the heating flues does not take into account its 
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changes, which occur during the coking cycle, although (as 

research has proved [2,4,9]) these changes reach up to 60 K 
(Figure 4). 

 

 
 

Figure 4: Temperature changes during the coking process on the bottom of the 
heating flues for two adjacent heating walls measured at one of the Polish coke 

oven battery [2]. 

 
The nature and magnitude of these temperature changes are 

mainly due to the fact that the heat is consumed unevenly by the 

coal charge, while the supply of the heat by the heating flues is 
relatively constant. Because each of the coking chambers during 

the measurement of temperatures in the heating flues of the 

heating walls is at a different stage of the process, a natural 

variation of the results of temperature measurements in the 
heating flues is noted, regardless of other factors such as 

temperature drop between reversions, incorrectly selected gas 

and air dosages, damages in ceramic massif, or incorrect loading 
of the chamber. In addition, each alternating sequence of 

temperature measurements in the heating flues is carried out at 

a different moment of the coking cycle occurring in each 

chamber. Thus, the observed difference from the previous 
measurement does not coincide with the difference from the next 

measurement. Hence, in order to assure a reliable assessment of 

the real temperature in individual heating flue, an unambiguous 
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way of assessing their variability during the entire coking 

process needed to be urgently developed, and it was done by 
actions discussed in this article. 

 

The Concept of a New Method for Assessing 

Temperature in Heating Flues  
 

The conventional coking process involves the heat transfer of 
the required level through ceramic of each of the coke oven 

battery heating flues to a coal charge loaded in the chamber at a 

given time. The pyrolysis process, which occurs as a result of 
the coal charge temperature increase, leads to the production 

both hot coke and volatiles-raw gas, tar and benzol (and 

sometimes even soot when the coking process is not conducted 

properly [10]). Since the heat demand for the pyrolysis process 
in the subsequent intervals of the coking cycle is diversified, 

considering its constant supply during stable battery operation, 

there are consequently observed temperature changes in the 
heating flues. 

 

Due to this fact, an attempt was made to develop a clear 

interpretation of temperature measurement results in heating 
flues by introducing an additional new correction for its 

variability during the entire coking process. It was assumed that 

if there was a correction for temperature drop between 
reversions, a similar correction could be developed for the 

progress of the pyrolysis process. 

 
In order to match the result of each measurement on a given wall 

to the same process advancement in the adjacent chamber, it was 

assumed that the temperature changes in the brickwork of 

heating flues adjacent to it could be presented for practical 
considerations as shown in Figure 5. 
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Figure 5: The scheme of heat flow in the heating flues of a coke oven battery. 

 

The energy balance of heating flues of a coke oven battery 
shown in Figure 5 was next described as shown in Equation (1): 

 
           

  
    

    
  

 
         

  
 
   
  
 
     
  

 

 
where: 

 

 ϱf(τ): flue gas density (kg/m
3
) 

 Vch: volume of heating flue (m
3
) 

 cpf: average flue gas heat capacity (J/(kg K)) 

 Tf(τ): flue gas temperature in the heating flue in time τ (K) 

 iin(τ): specific inlet enthalpy (J/kg) 

 min(τ): inlet mass (kg) 

 iout(τ): specific outlet enthalpy (J/kg) 

 mout(τ): outlet mass (kg) 

 Ic(τ): combustion enthalpy (J) 

 Qout(τ): heat flux discharged from a given heating flue in 

time (J) 
 

The inlet mass flow min does not change with time. The enthalpy 

of combustion Ic is also constant over time. Hence, the first and 
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third terms on the right side of Equation (1) are zero and this 

equation takes the form: 
 
           

  
     

      

  
  

     
  

 

 

Assuming that the functions of density and specific heat do not 
depend on time and using formula on the heat flux Qout=Aqout, it 

can be written in the form of the following differential equation: 

 

(          )    
   

  
   

     
  

 

 
where A is heat transfer area, qout means density of heat (J/m

2
). 

It follows from the above that the change in gas temperature is 

proportional to the heat given off to the outside: 
 

   ( )    
 

(          )   
     ( ) 

 

It can be stated that the problem of temperature changes 

covering each heating flue during the coking cycle lays in 
determination of the changes in the heat flux (Δqout(τ)), which is 

proportional to a certain value (C) (Equation (5)): 

 

   ( )         ( ) 

 

Heat transfer in the area of the heating wall (diaphragm) and 
coking coal charge with unidirectional flow can be described by 

the following relationships (Equations (6)–(8)): 

 

 heat flux transmitted to the wall: 

 

   
   (   )

  
|
   

   (   ( )    (   )) 

 
where: 

 

λ heat transfer coefficient of the wall material (W/(mK)), 

x linear dimension (m), 
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τ time (s), 

α heat transfer coefficient from the heating flue to the wall 
(W/(m

2
K)), 

Tfl flame temperature (K), 

Tw wall temperature (K), 

 

 heat conduction in the wall [11]: 
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where: 

 
ρ wall material density (g/m

3
), 

cp specific heat of the wall material (J/(g∙K)), 

 

 heat conduction in the coal charge [11]: 
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(
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where: 

 

ρc density of coal charge (g/m
3
), 

cpc specific heat of coal charge (J/(gK)), 
Tc coal charge temperature (K), 

λc coal charge thermal conductivity (W/(mK)), 

Qp thermal effect of the pyrolysis process (J/m
3
), 

T1, T2 temperature range in which the coking process takes 

place (K) 

 
The solutions of the above equations allow to calculate 

temperature distributions at individual points of the coal charge 

and the heating wall, as well as changes in the analyzed heat 

fluxes during the entire coking process. Moreover, some of the 
results of calculations for exemplary pyrolysis conditions have 

already been presented by M. Sciazko et al. [12]. Average heat 

effect of the pyrolytic reaction for the overall coking period is 
exothermic and, in dependence of the coal type, ranges from −5 

to −50 kJ/kg. Thus, the proposed model can be used to analyze 
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many other pyrolytic processes because it also takes into account 

the heating rate [13]. Interesting for determining the temperature 
changes of heating flues during the entire coking process is the 

characteristics of changes in heat flux transmitted to the wall. 

Analyzing the average theoretical characteristics of these 

changes (Figure 6), it can be stated that in the initial phase of the 
coking process the heat consumption gradually increases, next it 

starts to slowly decrease and in the last phase it quickly 

decreases. Coking phases are presented in the Figure 6 by the 
ratio of time elapsed from the loading of chambers τ to the total 

time of coking τc, while changes in heat flux received by the 

wall are expressed by the ratio of these changes in a given time 
Δqout to their average value Δq

a
out. 

 

 
Figure 6: The average theoretical characteristics of changes in heat flux 

transmitted to the coking chamber wall. 

 
Based on these data, for practical purposes it was decided to 

present these parameters in the form of a fourth degree 

polynomial (Equation (9)): 
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Since the heat exchange in the considered heating flues occurs 

between two adjacent chambers (Figure 7), the total change in 
the temperature of its walls is the result of adding up 

temperature changes resulting from the passing time since the 

load of the left chamber (τ1) and right chamber (τ2) until the 

measurement moment: 
 

 
 

Figure 7: The scheme of heat flow to the chambers on both sides of the 
heating flue. 

 

Thus, taking into account the simultaneous heat exchange with 

the left and right walls, the polynomial presented in Equation (9) 
can be written in the form given in Equation (10): 
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Finally, the determination of the temperature variability in the 
heating flues during the coking process for a specific coke oven 

battery and at given operating conditions converge to the 
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determination of the value of the proportionality factor B = A × 

∆q
a
out(τ) for the proposed polynomial. Having a series of (n) 

temperature measurement results performed in heating flues (T i) 

in a specified time τ and τ + Δτ, and the ratios of time from the 

load of the chamber on the left and right side of the wall to the 

coking time adopted on the battery (τ1 /τc + τ2 /τc)i and ((τ1 + 
Δτ)/τc + (τ2 + Δτ)/τc)i, the actual parameter B can be determined 

by averaging the results of comparisons of the measured 

temperature changes on each of the representative walls 
(operating in comparable conditions) during period Δτ with the 

results of their theoretical changes (ΔTf(τ)), what is presented in 

Equations (11) and (12): 
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To establish the temperature correction for individual heating 

flues TKS(τ)i, it is enough to subtract the value of its changes 

determined for a particular flue ΔTf(τ)i from the average 
temperature change value determined for all walls (ΔT

a
f(τ)): 
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 ( )     ( )  

 

 

 

 



Advances in Energy Research: 2nd Edition 

17                                                                                www.videleaf.com 

The Methodology of Temperature 

Measurements  
 

Taking into account the technical possibilities of assessing the 

temperature variability in the heating flues of individual heating 
walls of the coke oven battery, in the first stage it was decided to 

measure the temperature every 8 h in each seventh heating flues 

of all heating walls on two different batteries. These were the 
PWR-63 battery operating in the gravity charging system, 

consisting of 78 heating walls, and the PTU-57 battery operating 

in the stamp charging system, consisting of 58 heating walls. 
These batteries had correctly adjusted heating systems and 

worked stably. Measurements were made using a portable digital 

Cyclops 160L pyrometer equipped with an internal memory, 

from which of all measurement results were sent to a computer 
via a Universal Serial Bus (USB) interface. The time from 

charging of individual chambers adjacent to each of the heating 

walls to the moment of taking a given measurement was entered 
into the computer manually. Using the proposed method of 

temperature correction the corrected temperature of the heating 

flues was then calculated, separately for each of the heating 

walls of these batteries. 
In the second stage, in order to confirm the forecasted 

temperature variability of the heating flues depending on the 

elapsed time from charging of adjacent chambers, its 
temperature was measured every hour in one selected heating 

flue with the same pyrometer as before, for the period covering 

the entire coking cycle. Similarly, the time from charging of 
individual chambers adjacent to each of the heating walls to the 

moment of taking a given measurement was entered into the 

computer manually. Then, according to the described theoretical 

concept, the correction of the temperature variability of the 
heating flues during the entire coking cycle was added to the 

calculated average values. Thus, while in the first stage the 

introduction of the described correction was aimed at 
eliminating the influence of the time from charging of individual 

chambers adjacent to each of the heating walls to the moment of 

making a given temperature measurement, then in the second 
stage it is to forecast its height for each measurement moment, 

regardless of when it will take place. 
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Results  
 

The results of the performed temperature measurements were 
compared with and without the application of the procedure 

described in paragraph 2. These comparisons showed that 

without a new correction for the variability of the recorded 

temperature in heating flues during coking, the deviation of 
results on individual walls from the average value for the whole 

battery reached ±30 K, while with the correction the maximum 

deviation did not exceed ±10 K (Figure 8). Standard deviations 
for no corrected results were 18 K, and 6 K for corrected results. 

 
 
Figure 8: The results of temperature measurements in selected heating flues at 
one of the Polish coke oven batteries (PWR-63), without and with the use of 
correction coefficient. 

 

Taking into account the obtained results, in each case the 
deviation of the corrected temperature measurement result from 

the average value is more than 10 K it can be regarded as a 

signal on the occurrence of irregularities in the place of 
measurement and, as a result, quick regulatory actions targeted 

on the obtaining the desired temperature level can be done by 

changing the stream of coke oven gas. 

 
At the same time, to confirm the correctness of the developed 

procedure, temperature control was carried out in selected 
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heating flues at one of the coke batteries in hourly intervals and 

the results was compared with the results of simulations carried 
out using the new method. The simulation consisted of adding a 

fixed correction to the average temperature determined on the 

basis of actual measurement results at a given time. The 

obtained results confirmed the correctness of the proposed new 
method. Simulation curves had the same character as the real 

curves, and the temperature differences at individual measuring 

points did not exceed 5 K. Hence, it can be concluded that, 
despite possible measurement errors and simplifications 

adopted, the results obtained should be considered as highly 

satisfactory and reliable. Figure 9 shows an exemplary 
comparison of actual and simulated result obtained for a selected 

heating wall. 

 

 
 
Figure 9: The comparison of the results of the actual temperature 
measurements in the heating flues of a selected battery (PTU-57) wall with the 
simulation results obtained with the use of the developed method. 

 

The implementation of the new method of assessing the current 

temperature in the coke oven battery heating flues presented in 
the article to industrial practice will allow for more efficient 

performance of the coking process. It is estimated that thanks to 

its application, the consumption of coke oven gas used to heat 
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the coke oven battery will be reduced by approx. 2–3%. 

Although this reduction seems insignificant, given the scale of 
coke production in Poland, the environmental benefits obtained 

will be beneficial. In 2019, about 8.6 million Mg of coke was 

produced in Poland and about 2 billion m
3
 of coke oven gas was 

burned to heat all coke oven batteries. A reduction of the gas 
consumption by approx. 2–3% with a similar level of production 

would allow to reduce emissions to air associated with coke 

oven batteries firing. The minimal expected level of emission 
reduction of selected pollutants is presented in Table 1. The 

implementation of the developed method described in all coke 

oven plants in Poland will allow for achieving a real reduction in 
the emission levels of individual pollutants within the ranges 

presented below (Table 1). 

 
Table 1: Minimal expected emission reduction from coke oven battery heating 
in Poland resulting from the implementation of a new temperature assessment 
method in heating flues. 

 
Substance Expected Minimal Reduction 

(Mg/year) 

carbon monoxide (CO) 77.4 

carbon dioxide (CO2) 20,640 

nitrogen oxides (NOx) 25.8 

sulphur oxides (SOx) 19.4 

polyaromatic hydrocarbons 
(PAH) 

0.003 

hydrogen cyanide (HCN) 0.03 

PM10 1.3 

 

Summary  
 

A detailed analysis of heat transfer through the coking chamber 

wall (from the heating flues side towards the coked coal charge 
side) shows its variability during the entire coking cycle. As 

shown in the article, this variation can be described for practical 

purposes by a fourth-degree polynomial. 

 
Constant heat supply to heating flues with its variable reception 

causes that the temperature measured in the heating flues 

depends on the time of measurement. For practical purposes, it 
can be assumed that the change in temperature over time 



Advances in Energy Research: 2nd Edition 

21                                                                                www.videleaf.com 

correlates with the changes in heat reception by the coking 

chamber wall. Knowing the time of the load of chambers 
adjacent to each of the measured heating flues and using the 

determined variability of heat reception through the chamber 

wall it is possible to determine the expected temperature 

variation in the heating flues at the time of measurement. 
 

In order to determine the range of this variability, which may be 

different for each coke oven battery and at given operating 
condition, it is enough to compare temperature measurement 

results with the simulation results for the pre-adopted 

proportionality factor (B) after each temperature measurement. 
On this basis, a table of corrections for the variability of the 

measured temperature at the time of the measurement can be 

developed for all heating flues of the coke oven battery (as 

proved by the tests and calculations). 
 

After introducing the determined corrections, the differences in 

the temperature recorded in individual heating flues in relation 
to its average value do not exceed ±10 K, for a stable coke oven 

battery operation with a properly adjusted heating system, 

against previously noted deviations of up to ±30 K. 
 

A significant reduction of temperature deviations noted so far 

allows for faster response to emerging irregularities in the 

heating system of individual walls of the coke oven battery, 
which is especially important when its regulation is to be carried 

out. It allows to reduce the consumption of fuel gas and to limit 

the emission of inherent pollutants into the atmosphere, while 
maintaining the required quality of coke produced. The use of 

the new temperature assessment method in heating flues will 

significantly improve the operating conditions and reliability of 

coke oven batteries, primarily by improving the stabilization of 
thermal parameters of the ceramic massif, which will minimize 

its damage associated with temperature fluctuations. The new 

correction for the variability of the recorded temperature in 
heating flues also allows to predict the effects of changing the 

order of loading of coking chambers and the duration of the 

adopted coking time. Such solution can be in line with circular 
economy idea and allow more stringent standards under the 
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Industrial Emissions Directive (IED) and the best available 

techniques (BAT) for the reduction of GHG and SO2, NOx 
introduced in the European Union. 
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